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Abstract 
The two identical energy efficient houses, “Energy Star” House (EH) and “Green” House (GH), located in Ontario were chosen 
to investigate the effectiveness of energy efficiency measures in dwellings. EH was built based on the Energy Star standard while 
GH had a number of additional energy savings and sustainable green features. Both houses’ energy consumption were simulated 
and their utility bills weather normalized by using HOT2000 building energy simulation software and Princeton Scorekeeping 
Method (PRISM). Although GH was expected to consume less energy than EH, considering GH’s more energy efficient 
mechanical system and building envelope, this study showed that EH consumed less energy than GH (annual energy 
consumption of EH is 44% less than GH). Further investigation on occupants’ behavior and usage of the both houses using a 
survey showed clearly that having energy efficient systems do not necessarily lead to lower energy consumption. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2015. 
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1. Introduction 
Various advanced technologies were adopted for efficient energy use, less energy wastage and ultimately better 
home comfort. With the aim of building better homes being sustainable in practice, “Heathwood Homes” company 
initiated an innovative pilot study to determine the most cost effective upgrade options in terms of efficiency and 
 
 
* Corresponding author. Tel.: +1(416) 979 5000 Ext: 7833. 
E-mail address: szaremoh@ryerson.ca. 
 15 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering and 
Construction 2015
1025 Samira Zare Mohazabieh et al. /  Procedia Engineering  118 ( 2015 )  1024 – 1029 
renewable energy for the builder through life cycle based analysis as well as long-term performance monitoring of 
two pilot houses, “Green” House (GH) and “Energy Star” House (EH). This paper is similar to a study developed by 
the Toronto and Region Conservation Authority (TRCA) in partnership with the Design Exchange developed a 
national competition to design a single-family home that could serve as a model for the housing market in the 
Greater Toronto Area (GTA) and beyond. The purpose of the Archetype Sustainable House, located at north of 
Toronto was to demonstrate an affordable, low-energy, healthy home that could be mass-produced with a small 
ecological footprint. The two houses formed a duplex and named House A and House B: House A was equipped 
with common energy efficient technologies used in local housing. House B showcased advanced and innovative 
technologies, which were not commonly used in residential constructions. This initiative would play a large role in 
transforming the residential housing market, and reducing the amount of energy needed to sustain these homes [2]. 
1.1. Heathwood Homes’ description  
Two identical houses with energy efficiency equpiment of different levels were used for this study. Both houses 
were built according to the Energy Star standard. While the EH followed the Energy Star starndard, the GH had 
some additional green features. Table 1 illustrates mechanical and building specification of both houses.  
Table 1: Heathwood Homes Mechanical System and Envelope Details 
Mechanical Systems “Green” House (GH) “Energy Star” House (EH) 
Natural gas condensing furnace  AFUE 98.2% AFUE 95% 
Domestic hot water boiler   0.82 Energy Factor  0.57 Energy factor 
Energy recovery ventilator (ERV)  ERV- 45%  (recovery efficiency) HRV- 57% recovery efficiency  
Air conditioning  15.5 SEER 13 SEER  
Solar photovoltaic panels (PV)  #39, 210 watt panels- 70 m2  - 
Flat plate solar thermal collectors  2x2.874 m2 - 
Tankless water heater  95% AFUE - 
Air tightness 2.3 ACH@ 50 Pa 2.3 ACH@ 50 Pa 
Envelope   
Additional insulation in attic R51 R40 
Low e argon filled windows Double Glazed Low E Argon Filled Double Glazed Low E Argon 
Insulated garage ceiling R31 R25 
Upgrade walls insulation R20 R19 
Insulated garage doors R 8 R6 
Under basement slab insulation R10 R4 
2. Methodology  
HOT2000, is one of the commonly used building energy simulation programs for residential applications 
developed by the Natural Resources Canada. It was used for energy consumption calculation of both houses. 
HOT2000 uses long term monthly weather files in a bin based method to analyze the thermal performance of a 
house. In order to factor the outside weather temperature, which has been proven to have the greatest influence on 
buildings energy consumption, PRISM, which is a regression-based model (statistical procedure), was used to 
weather normalize the energy consumption of the both houses. The outdoor weather temperature (from the nearest 
weather station) and monthly energy consumption from utility bills were used to estimate the normalized annual 
energy consumption (NAC) along with base loads and reference temperature. The reference temperature of each 
building is different depending on building type, level of insulation, etc. PRISM estimates individual building’s 
reference temperature according to optimized linear regression [5]. 
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3. Results and Data Analysis 
3.1. HOT2000 results 
Energy performance of GH and EH houses were estimated and compared to other well-recognized standards 
such as OBC 2006 and 2012. Both houses were modeled for the as-built structure and minimum requirements of 
2006 Ontario Building Code as well as 2012 Ontario Building Code using HOT2000. Detail of these cases is shown 
in Table 2.  
Table 2: Scenarios run in HOT2000 for “Green” and “Energy Star” houses 
 “Energy Star” House     
(As Built) 
“Green” House          
(As Built) 
OBC 2006 OBC 2012 
Natural gas condensing 
furnace 
AFUE 95% AFUE 97% AFUE 90% AFUE 94% 
Air conditioner 13 SEER 15.5 SEER 13 SEER 14.5 SEER 
Air tightness 2.3 ACH@ 50 Pa 2.3 ACH@ 50 Pa 5.5 ACH @ 50 Pa 3.57 ACH@ 50 Pa 
Natural gas DHW boiler 0.57 Energy Factor 0.82 Energy Factor 0.57 Energy Factor 0.57 Energy Factor 
Envelope insulation level RSI-4.79 RSI-5.45 RSI-3.91 RSI-4.23 
 
The annual energy consumption of above-mentioned scenarios using HOT2000 is summarized in Figure 1.  
 
Figure 1: Total annual energy consumption of different scenarios 
 As built GH scenario was identified as the best performer of all scenarios with annual energy consumption of 
31,021 ekWh, which was 27% less than annual energy consumption of as built EH scenario. Greenhouse Gas 
(GHG) emissions of each scenario were also calculated to analyze the environmental impact of each scenario. As 
built GH had the lowest GHG emissions (5.2 tonnes per year), which was 20% lower than the GHG emissions of as 
built EH scenario. 
3.2. Princeton Scorekeeping Method (PRISM) results 
In order to study the influence of outside temperature on the energy consumption of both houses, energy 
consumption of both houses was weather normalized by using PRISM method with 30 years weather data. Total 
Normalized Annual Consumption (NAC) of the two houses according to the PRISM modeling is shown in the 
following in Table 3. 
Table 3: Comparison of PRISM estimated NAC based on multiple-year and 17 months utility bills 
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3.3. Survey of household energy use results  
Although, the GH had higher insulation level and was equipped with more energy efficient mechanical systems, 
and was expected to use less energy, the PRISM modeling data (real data) showed otherwise. Because of this the 
homeowner survey was undertaken to identify the occupants’ behavior and its influence on energy consumption.  
Multiple preprocessing investigations were conducted in order to find a suitable dataset. This was done by using 
the data from the most comprehensive household energy use in Canada [1, 6, 7]. By using their data, occupants’ 
household energy consumption was estimated. The paper-based surveys were administered in December of 2013. 
The estimated energy consumption was remodeled using the survey input (# of occupants, usage of  laundry, 
dishwasher & etc.), and the simulation results were now more in line with the actual energy use which is shown in 
Table 4.  
Table 4: Household energy consumption breakdown based on survey 
  “Green” House (GH) “Energy Star” House (EH) 
Natural Gas (kWh) 49,231 34,369 
Electricity (kWh) 14,227 9,534 
Total Energy Consumption (ekWh) 53,032 43,903 
3.4. Water consumption results 
Actual water consumption of both houses for the period of 17 months (July, 2012 to December, 2013) was 
calculated according to the utility invoices (metered consumption). Actual GH water consumption was 319,000 
liters, which was 11% less than actual EH (354,850 liters). Water analysis adjusted for the number of occupants and 
their usage (survey result) suggested that the GH water consumption (273,831 liters) should be 16% more than EH 
(231,231 liters) without taking into account the higher efficiency equipment that applied in GH. Therefore, results 
confirmed that by applying water conservation strategies, using captured rainwater and excluding grey water 
strategies, water demand in residential sectors can be significantly reduced. This can subsequently result in reducing 
direct and indirect energy consumption. Calculated water consumption per capita based on actual meter reading, 
survey, and Environment Canada (2011) is summarized in the in Table 5. 
Table 5: Heathwood homes’ water consumption per capita comparison 
 
 
 
 
“Energy Star” House (EH)               “Green” House (GH) 
Actual Utility 
Bills 
Survey 
Result 
Environment 
Canada[3] 
Actual Utility 
Bills 
Survey 
Result 
Environment 
Canada[3] 
Water Consumption 
(Liters/Capita/Day) 
 
172 
 
158 
 
343 
 
124 
 
150 
 
343 
3.5 Energy consumption and Greenhouse Gas (GHG) emissions analysis 
Energy analysis of the survey results showed that because the occupants of the GH spent more hours per week in 
the house compared to the occupants of the EH , their energy consumption was approximately 21% (9,129 ekWh) 
   
R2 
Base 
Consumption   
(kWh/day) 
Annual    Base 
Consumption 
(kWh) 
Annual 
Heating 
Load (kWh) 
Annual 
Cooling Load 
(kWh) 
Total Annual 
NAC  
(kWh) 
Reference 
Temp.  
(°F) 
Natural Gas-GH 0.6 41 14,918 39,067 0 53,996 51 
Electricity-GH 0.9 37 13,615 0 2,370 15,997 57 
Total ekWh      69,993  
Natural Gas-EH 0.9 21 7,753 30,41 0 37,800 61 
Electricity-EH 0.6 28 10,187 0 598 10,793 52 
Total ekWh      48,593  
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more than the EH. In addition to the number of hours occupants spent at home, other factors can result in higher 
energy consumption. For instance, the GH occupants maintained their house two degree (23°C) higher than the EH 
occupants (21°C) during the heating season’s day, is another factor leading to more energy consumption. By 
investigating the occupants’ energy use behavior and consumption in the two homes, it was found that many 
elements such as the occupant’s number of hours spent at home, age, and lifestyle behavior can affect energy 
consumption considerably despite using highly efficient mechanical and envelope systems. The survey results 
confirmed that although the GH modeled much better with its upgraded systems, its actual energy consumption was 
more than the EH because of its occupants’ behavior. 
In order to have a good comparison from all of our findings, the Table 6 presents the total energy consumption 
comparison (simulation methods with survey result) of both houses. As a result, the energy use (electricity and 
natural gas consumption) is divided by the total gross area of the buildings (383 m2) to obtain the energy use 
intensity (kWh/m2). However, it should be noted that electricity generated by solar PV panels (10,427kWh) in GH 
was already deducted from total annual electricity consumption of the GH.  
Table 6: Heathwood homes’ energy consumption per m2 comparison 
                 “Energy Star” House (EH) “Green” House (GH) 
 HOT2000 
Result 
(kWh/m2)  
PRISM 
Result 
(kWh/m2) 
Survey 
Result  
(kWh/m2) 
HOT2000 
Result 
(kWh/m2) 
PRISM 
Result 
(kWh/m2) 
Survey 
Result  
(kWh/m2) 
Electricity   36 30 25 11 15 10 
Natural Gas  76 100 91 70 141 128 
Total Energy Consumption 112 130 116 81 156 138 
GHG emissions resulted from natural gas and electricity consumption were calculated according to the emission 
factors provided for Ontario by the Environment Canada. GHG intensity for electricity consumption is 100g 
CO2/kWh and 180.3g CO2/kWh for the natural gas consumption [4]. Based on the data analysis (the utility data and 
simulation results) there was a significant difference (20%) between two houses in terms of GHG emissions. As a 
result, survey results were also analyzed. According to the PRISM and survey results, total GHG emissions of the 
GH, which was built according to the green features, increased 39% and 51% respectively (Table 7). 
Table 7: Greenhouse Gas emissions of “Heathwood Homes” based on simulation and survey results 
 
 
 
“Energy Star” House (EH) 
 Energy Consumption (tonnes/yr) 
“Green” House (GH)                        
 Energy Consumption(tonnes/yr) 
HOT2000 
Result 
PRISM 
Result 
Survey 
Result 
HOT2000 
Result 
PRISM 
Result 
Survey 
Result 
Electricity GHG  1.40 1.18 1.29 0.42 1.50 2.06 
Gas GHG 5.20 6.71 5.86 4.83 9.50 8.74 
Total GHG emissions 6.60 7.89 7.15 5.25 11 10.80 
4. Conclusion 
In this project data from the two identical energy efficient houses were collected, as well as the role of the 
occupants of both houses was analyzed and compared. To make more accurate comparison, energy consumption for 
both houses from HOT2000 and PRISM software was modeled. Due to the discrepancy found between the 
simulation results and actual consumption, a survey was undertaken to identify the occupants’ behavior and its 
influence on energy consumption. On the other hand, real data analysis (utility data) confirmed that by applying 
water conservation strategies and using captured rainwater, water demand in residential sectors could be 
significantly reduced by up to 11%.  
In terms of energy performance the HOT2000 energy modeling results showed that by upgrading the EH’s 
systems to that of the GH, 27% energy consumption and 20% GHG emissions reduction could be achieved.  On the 
other hand, PRISM modeling and survey results showed that the GH total annual energy consumption was   
approximately 23% and 21% more than that of the EH respectively. Subsequently, the GH total GHG emissions had 
been increased compared to the EH. 
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Although we were expecting the GH to perform better (lower energy consumption) than the EH, the real data 
showed otherwise. Occupant behavior investigation using the survey showed that people living in the GH used more 
energy compared to the EH occupants. It is clear that there is a relationship between household energy use and 
occupant behavior and characteristics. 
Occupant behavior has been identified as one of the most important factors that has to be taken into account for 
energy performance analysis of dwellings. Since using the upgraded systems is not the only energy reduction 
strategy, developing tenant energy use education strategies should be considered as effective energy consumption 
reduction strategy. Subsequently, GHG emissions as well as cost will be reduced. 
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